By Engene V. Pawhk a.nd Robert E. jones .

l.ewis Research Center
Cleveland, Ohio

. CLASSIFIED nr.cmu:m' TITLE muusmtn

" This matersi] comalne mm&”l«a—dﬁm”mﬂu
of the sspiomge laws, Title w,u;c.,m.mum,mm«mm«-muq
mbnmmbmwh ) o




“E-214

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

MEMQORANDUM 5-15-59E

EXPERTMENTAL EVALUATION OF SWIRL-CAN ELEMENTS
FOR PROPANE-FUEL COMBUSTCR*

By Eugene V. Pawlik and Robert E. Jones

SUMMARY

The performance of swirl-can combustor elements for an experimental
short-length turbojet combustor utilizing propane f'uel was studied at
high-altitude operating conditions. Fuel was injected into each element
through tangential sonic orifices that created a swirling fuel-air mix-
ture within each element. The elements varied from 1.0 to 3.0 inches

in length and from 1.0 to 3.0 inches in diameter and served as combined

" fuel injectors and flame stabilizers. The individual elements operated

stably at pressures as low as 6.5 inches of mercury absolute, with a
reference velocity of 170 feet per second and an inlet air temperature
of 80° F in a circular duct. Optimum performance was obtained with a
2-inch-diameter element having an orifice plate blocking about 55 per-
cent of the inlet area.

A quarter-annulus combustor was constructed with elements that were
nearly optimum as determined from single-element studies. This com-
bustor gave a combustion efficiency of 95 percent at a reference veloc-
ity of 75 feet per second, a pressure of 14.7 inches of mercury absolute,
an inlet temperature of 350° F, and a cambustor length of 13.5 inches.
In general, the blowout pressure of the arrays was found to be much
higher than expected by the single-element stability data.

INTRODUCTION

A previous report {ref. 1) describes a combustor that is short,
light, and designed to perform satisfactorily over the operating con-~
ditions of advanced turbojets in supersonic flight. This combustor was
composed of manifolded arrays of swirl-can elements. A swirl-can com-
bustor element is a small conical can in which fuel and air are rapidly
mixed and combustion is initiated. Combustors composed of swirl-can
elements have the additional advantage of being easily scaled to larger
sizes by this modular design approach. The combustion efficiency of
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this combustor was high (95 to 100 percent) at simulated supersonic test
conditions, but varied from 85 to 90 percent at subsonic operating con-
ditions. The temperature profiles were found to be acceptable, and the
pressure loss was very low, about one-third that of present-day turbojet
combustors. One serious drawback, however, is that the most promising
swirl-can combustor blew out at total pressures below 14 inches of
mercury absolute and exhibited intermittent blowout at pressures as high
as 15 inches. The swirl-can elements were not optimized for flame sta-
bilization with propane fuel. Improved stability would presumably in-
crease combustion efficiency.

In order to improve performance at conditions corresponding to
subsonic flight and to observe the relation between the operation of
single combustor elements and combustor arrays, a research program was
undertaken at the Lewls Research Center and is presented herein. In
this program it was necessary to determine the effects of the inlet
geometric variables of the individual swirl-can elements and their sta-
bility with propane fuel. The effects of fuel-tube location and swirl-
can size were also determined. The results obtained indicated an opti-
mum swirl-can size and geometry. Camplete quarter-sector arrays of the
most promising swirl-can types were tested to check the extent that the
single-element data could be extrapolated. Combustion efficiency,
total-pressure loss, and typical temperature profiles are shown for.
typical combustor arrays.

SYMBOLS
P total pressure, in. Hg abs
P3 combustor-inlet total pressure, in. Hg abs
Ty combustor-inlet total temperature, °F
Vyer reference velocity, ft/sec

vref/PiTi combustion parameter

g combustion efficiency

APPARATUS
Installation
A schematic diagram of the combustor installation is shown in fig-

ure 1. This is essentially the same as used in reference 1. The fuel

supply system was the same as used in reference 1 and 1s shown in
figure 2.
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The single-element test section as shown in figure 3 consisted of
a circular duct with an inside diameter of 12%% inches. An access door
was situated such that individual combustor elements could be replaced
through the side of the duct. The combustor element was mounted approxi-
mately in the center of the duct. A single spark wire discharged di-
rectly to the downstream edge of the swirl can provided ignition. The
distance from the inlet of the swirl can to the exhaust instrumentation

plane was approximately 12% inches.

The multielement test section was identical to that used in pre-
vious research described in reference 1.

Cambustor Instrumentation

The single-element combustor instrumentation stations are shown in
figure 3. At station 1, four bare-wire, Chromel-Alumel thermocouples,
three static-pressure taps, and a total-pressure rske measured the
combustor-inlet total temperature, static pressure, and total pressure,
respectively. At station 2, combustor blowout was recorded from a
total-recovery Chromel-Alumel thermocouple. At station 3, static pres-
sure was measured at the wall taps, and a combined total-pressure and
platinum-13-percent-rhodium - platinum aspirating-thermocouple probe
in a polar-coordinate transversing mechanism (ref. 2) measured combustor-
outlet total pressures and total temperatures. The probe moved circum-
ferentially across the duct at five radial positions. A two-pen X-Y
recording potentiometer connected to the survey system recorded outlet
temperature. :

The multielement combustor instrumentation is the same as has been
used previously (ref. 1).

Caombustor Elements

The operation of a typical swirl-can combustor element is illus-
trated schematically in figure 4. Fuel was injected from two simple
orifices at sonic velocity tangential to the inner surface and approxi-
mately normal to the axis of the can. The tangential velocity of the
fuel caused the fuel to spiral downstream along the walls of the can
and mix rapidly with the air admitted through the inlet. Two fuel ori-
fices are included in each can for ease in manifolding the cans to-
gether and for an improved fuel distribution. The inlet geometry and
size of the swirl cans were varied as listed in tables I and II.
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Combustor Arrays

Model 1. - This combustor consisted of an array of seven 3-inch-
diameter elements arranged in two rows as shown in figures 5 and 6.
Separate fuel-flow control was available for each row of elements as a
means of controlling the temperature profile. Two different inlet ori-
fices were tested on this model. Model la had inlet orifices with a

l%—inch-diameter hole, while model 1b had inlet orifices with a l%-inch-

diameter hole. The inlets are listed in table II as inlets E2 and El,
respectively.

Model 2. - This cambustor was an array of 15 2-inch-diameter ele-
ments arranged in three rows as shown in figures 7 and 8. Three dif-
ferent inlet orifices were tested on this model. Model 2a had a 3/4—
inch-diameter hole in the inlet orifice; model 2b had a l-inch-diameter
hole in the inlet; and model 2c¢ had swirling-plate inlets (A9 of table
I). This combustor also had separate fuel-flow control for each row of
elements to adjust the temperature profile. '

All the inlets used on models 1 and 2 are described in table III.

PROCEDURE
‘Blowout Determination

The performance of the swirl-can elements was investigated over a
range of fuel flows at an inlet temperature of 80° F and an airflow of
2.2 pounds per second. The airflow was held constant while the pressure
and velocity were varied. By this means, velocities up to 170 feet per
second could be obtained as the pressure was gradually decreased to 6.5
inches of mercury absolute at blowout. A thermocouple mounted directly
in the wake of the swirl can was used to indicate blowout. Blowout
limits are reported in terms of the severity factor at blowout
(Vbo/PboTi)‘ Parameters of the type PL-ST/V (ref. 3) or V/PT (ref. 4)

have been used by other investigators to establish approximate criteria
for combustor blowout.
Quarter-Sector Combustor Operating Conditions

The performance of the swirl-can combustor arrays was investigated
over a range of fuel-air ratios at the following inlet air conditions:

HTo-
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Total Airflow rate Total Reference Severity
pressure, | for quarter | temperature,| velocity, factor,

Pt,ins sector, Tt,ins Vryers Vrer

in. Hg 1b/sec op ft/sec Pt,inTt,in,

abs (2) | (cu £t)(sec)/(1)(°R)
10.0 0.897 350 75 13.1x107°

12.0 1.068 10.9

14.0 1.256 9.36

14.7 1.32 8.92

20.0 1.795 6.55

8Based on combustor max. cross-sectional area of 0.73 sq ft (quarter
sector) and combustor-inlet air density.

Combustion Efficiency

Cambustion efficiency was not calculated for the individual combus-
tor elements since it would be difficult to obtain any degree of accuracy
in view of the mass-weighting problem involved. Combustion efficiency
for the arrays was calculated as the percentage ratio of actual to
theoretical increase in enthalpy from the combustor-inlet instrumenta-
tion plane to the combustor-outlet traversing plane. A value of 19,330
Btu per pound was used for the lower heat of combustion of propane.

RESULTS

A summary of the combustion performance characteristics of the
different combustor elements investigated with propane fuel is presented
in table I. A brief description of the design modifications made and
the purpose of the modifications are noted in the table. The perform-
ance of each element is reported in table I in terms of. (1) blowout
severity factor (Vy,,/PpoTi)s (2) minimm blowout pressure in inches of

mercury absolute, (3) fuel flow at minimum blowout in pounds per hour,
and (4) comments on the operation of the elements based on visual
observation.

Cambustor Blowout
Stable operation was obtained with a simple conical-shell element

(model AQ) only at relatively high pressure. As inlet blockage was in-
creased, the stability defined by the blowout severity limit (Vi,/PpoT;)

generally increased. Thus, models Al, A2, and A3 had a high percentage
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of inlet blockage. The inlet air was broken up into a large number of
small streams to create a high turbulence level within the elements.
Since good results were obtained at low fuel flows, the inlet was stream-
lined (model A4) to improve the pressure-drop characteristics of the
elements. Decreased blockage and a variation in inlet geometry (models
AS, A6, and A7) were investigated to extend the stability limit at
higher fuel flows. Improved operation at higher fuel flows was obtained
by increasing the turbulence level within the element by an inlet that
imparted a swirling motion to the incoming airstream (models A8 and A9),
but the stability at the low fuel flows was no longer satisfactory.
Model A9 represents a unique design since the stability improved con-
siderably with increasing fuel flow. Simpler geometric configurations
such as truncated cones, nozzles, and orifices were tested (models A10,
All, Al2, and Al3) to find an inlet not as sensitive to fuel-flow vari-
ations. Model Al3, which consisted of a simple inlet orifice, proved
to be mildly sensitive to fuel flows over the range tested. The effect
of the inlet diameter of this configuration was observed in order to
optimize the stability characteristics. These results are shown in
figure 9 as blowout pressure plotted against percent blocked inlet area
for various fuel flows. Lowest blowout pressures and greatest insensi-
tivity to fuel-alr ratio were obtained by using an orifice plate inlet
with a blockage of 55 percent. Fuel flow in pounds per hour plotted
against blowout pressure in inches of mercury absolute for the best
elements and several contrasting poorer ones is shown in figure 10.

Since the best stability performance was obtained with an inlet
area blockage of 55 percent, element sizes from l% to 3 inches in diam-

eter containing simple inlet orifices were tested to determine if the
optimum ratio generally applied to all element sizes. The blowout per-
formance of each element is reported in table II. Generally, element
stability increased with increasing element diameter. In addition, it
was determined that the axial location of the fuel injector had little
influence on combustion stability over the range of positions investi-
gated. When the injector was located near the downstream end of the
element, however, the fuel holes were drilled at an angle of 40° up-
stream of the normal to increase the residence time of the fuel in the
element.

Outlet Temperature Distribution

A typical temperature profile of a combustor element (model A17) is
shown in figure 11. This profile was obtained from the temperature sur-
vey probe located about 12 inches from the element as shown in figure 3.
The fuel flow is 10.66 pounds per hour at a reference velocity of 108.8
feet per second, a reference pressure of 10.3 inches of mercury abso-
lute, and an inlet temperature of 80° F.
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Performance of Multielement Combustors

Multielement combustors (figs. 6 and 8) consisting of 7 and 15
elements were constructed with two and three rows of cans, respectively.
These cambustors were mounted in a quarter sector of an annular housing
and tested with various inlets. FEach element had its own fuel injector
supplied from a common manifold. A summary of the results obtained in
the investigation of multielement combustors is presented in table IV.

Brief tests were conducted with these combustors to demonstrate the
feasibility of the multielement array. Cambustion efficiencies were
determined with propane (figs. 12 and 13) at a reference velocity of 75
feet per second, an inlet total pressure of 10 to 20 inches of mercury
absolute, and an inlet total temperature of 350° F. At a pressure of
14.7 inches of mercury absolute, the combustion efficiency of the best
combustor, model 2a, varied from 85 to 95 percent.

Figure 14 shows same typical combustor-outlet average radial tem-
perature profiles for all the test combustors. The profile for model 2¢
demonstrates the control afforded when the fuel flow to the individual
rows of combustion elements can be adjusted.

Figure 15 shows the total-pressure loss in percent of inlet total
pressure for both models. At total-temperature ratios from 1.6 to 2.8,
the pressure varied between 1.3 and 2.6 percent for both combustors.

DISCUSSION
Single Combustor Element Tests

Of the several geometric variables investigated, the amount of
blockage at the combustor element inlet had the largest effect on ele-
ment stability. Best results were obtained with a l-inch-diameter ori-
fice having an inlet area blockage of 55 percent (inlet Al3, table I)
as shown in figure 9. Optimum performance was virtually independent of
the fuel-flow rate. The orifice plate inlet was selected both for the
high performance obtained and for simplicity in construction. As shown

in table II, the small elements (1—21- to l% in. in diam.) generally had

higher blowout pressures than did the larger elements (2 to 3 in. in
diam.). However , small-~-diameter elements are preferable for combustor
work in that better temperature profiles can be obtained in a short
length with many small heat sources than with a few large sources. The
2-inch~-diameter elements represent a compromise between combustion sta-
bility and temperature profile.




8 A

The effect of the fuel-tube location was briefly studied. Very
little effect on the minimum blowout pressure was noted when the fuel-
tube location was kept near the midpoint of the can axis. However, if
the fuel tube was too near the can inlet or exit, the minimum blowout
pressure would be increased.

The outlet temperature distribution of can Al7 is shown in figure
11 as measured 10% inches downstream of the can exit. This profile may
be considered typical of all swirl cans. If the mixing length is held

1 . . R . . .
constant, 105 inches in this case, a smaller but more uniform profile

results from smaller combustor elements. Thus, the use of many small
elements offers the possibility of very short combustors with acceptable
gas temperature profiles. The use of fewer but larger elements would

probably reguire a longer combustor to achieve a similarly uniform tem-
verature profile.

Cambustor Arrays

The combustion stability of models la and 1b (fig. 12) was con-
siderably less than expected from the single element studies. Inter-
mittent blowout occurred frequently though the cans would generally re-
light in a few seconds. The inlet orifice diameter of these elements

was reduced to l% inches (model 1b) in an attempt to improve the element

stability, but with little success. Besides, average radial temperature
profiles for models la and 1b as shown in figure 14 were too unaccept-
able to merit further work on this combustor.

The performance of model 2 (fig. 13) was somewhat improved over
that of model 1. However, intermittent blowout was still prevalent at
low pressures, 14 inches of mercury absolute and below. Increasing the
inlet orifice diameter from 3/4 inch (model 2a) to 1 inch (model 2b),
the optimum diameter as determined by individual element studies, in-
creased the intermittent blowout tendency. Model 2b was so sensitive
to pressure that only one datum point could be obtained at a pressure
of 14.7 inches of mercury absolute.

In view of the poor operational characteristics of this combustor
with orifice-type inlets, another inlet type (A9) was tried. This in-
let also gave good results on single combustor elements (fig. 10) but
did not improve the operation of the combustor (model 2c, fTig. 13). At
a pressure of 20 inches of mercury absolute, the combustor would not
operate below a fuel-air ratio of 0.0135. Also, intermittent blowout
rersisted until a fuel-air ratio of approximately 0.015 was reached.

v12-d
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At a pressure of 14.7 inches of mercury absolute, model 2a showed
a slight gain in combustion efficiency over model 1 of reference 1.
This gain in efficiency was about 4 percent at a fuel-air ratio of 0.016.
Lower pressure performance was also considerably improved as model 2a
operated stably to pressures as low as 10 inches of mercury absolute.

The average radial temperature profiles for models la and 1b were
unsatisfactory and could not be improved very much by proportioning the
fuel flow between the two rows of cans. Circumferential profiles also
exhibited gradients too steep to be acceptable. The average radial tem-
perature profiles for models 2a and 2b were also unacceptable. However,
proportioning of the fuel flow between the three rows of cans was very
effective in controlling the profile, and such a controlled profile is
shown for model 2c (fig. 14). Because smaller combustor elements were
used in model 2, circumferential temperature profiles exhibited fewer
and less sharp temperature gradients and were considered tolerable.

The total-pressure loss of models 1 and 2 was approximately 2 per-
cent of the inlet total pressure, which is roughly one-half that of
present-day combustors.

* SUMMARY OF RESULTS

The following results were obtained in an investigation of in-
dividual swirl-can combustor elements with propane fuel:

1. Stable combustion was obtained at a reference velocity as high
as 170 feet per second, a pressure of 6.5 inches of mercury absolute,
and an inlet temperature of 8e° F.

2. Stability was strongly affected by the geometry of the element
inlet. A simple orifice plate mounted on a 2-inch-diameter conical
element with an optimum inlet blockage of S5 percent was among the most
stable.

3. Reducing element size below 2 inches in diameter reduced sta-
bility. Element sizes from 2 to 3 inches in diameter were found to give
satisfactory performance results down to 7 inches of mercury absolute.

o e vaee, THE+f011oWing results were obtained in an investigation of two

§Wwirl<cah éombustors consisting of 2- and 3~inch-diameter eiements in a
quarter-sector duct:

1. The stability of the arrays was markedly inferior to that pre-
dicted from results of the single-element studies. Combustor blowout
often occurred at pressure as high as 20 inches of mercury absolute and
velocities as low as 75 feet per second.
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2. With the 2-inch-diameter element having a S/A-inch-diameter in-
let orifice, combustion efficiencies near 95 percent were attained at a
reference velocity of 75 feet per second, a pressure of 14.7 inches of
mercury absolute, an inlet temperature of 350° ¥, and a combustor length
of 13.5 inches. An individual element of this type operated stably to
velocities as high as 130 feet per second at the same air pressure and
an inlet air temperature of 80° F.

-3. Temperature profiles for the combustor consisting of 15 2-inch-
diameter elements were adjusted by proportioning the flow to each row
of elements and were considered acceptable.

4. Total-pressure loss in percent of inlet total pressure varied
approximately from 1.3 to 2.6 percent as total-temperature ratios
varied from 1.6 to 2.8 for both combustors at inlet total pressures
from 10 to 20 inches of mercury absolute, a reference velocity of 75
feet per second, and an inlet air temperature of 350° F.

CONCLUDING REMARKS

Multielement swirl-can combustors can be made to maintain combus-
tion at low total pressure and temperatures, corresponding to high-
altitude subsonic flight, but with reduced combustion efficiency. Sta-
bility demonstrated by individual swirl cans could not be achieved with
a combustor array of identical swirl cans.

Lewis Research Center
National Aeronautics and Space Administration
Cleveland, Ohio, February 26, 1959
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TABLE I. - SUMMARY OF DATA FOR INDIVIDUAL COMBUSTOR 2-INCH ELEMENTS WITH PROPANE FUEL

Model Description and Inlet description Purpose of Blowout Minimun Puel flow Comments on
sketeh of modification severity blowout at minimuwm cowbustor
configuration factor, pressure, blowout, element

=10° in. Hg abs 1b/hr operation

AO Basic conical shell No inlet Original swirl 12.2 14.7 13 Very poor stability

can
2.07 '
¥
1.59 2.0"

Al Same as A0 Semispherical inlet; Alrstream 34.5 5.9 10 Stability good at

20 3/32"-diam. holes; | blocked and low fuel flow,
16 1/8"-d1am. holes; broken into sensitive to fuel
- drilled hole small streams flow
- area, 0.334 to increase
. 39 in.; holes} stabllity
o drilled
parallel to
airstream

A2 Same as AD Cone 1nlet holes Different 3.1 5.9 10 Stability failr at
drilled at right method of low fuel flow,
angles; 39 3/32"- sm2ll-stream sensitive to fuel

diam. holes; introduction flow
. drilled hole tried to
’ area, 0.269 eliminate
.o aq in.; pro- fuel-flow
Jected hole sensitivity
area, 0.108
8q 1n.

A3 Sane as AD Flat-plate inlet; Alternate 36.8 5.8 10 Stability good at
34 1/8"-dlam. holes; method of low fuel flow,
inlet area, 0.417 small-stream sensitive to fuel

8q in. introduction flow
altered to
elizinate fuel-
flow senailtivity

A4 Same as AD Semispherical inlet; Alternate 16.0 12.7? 10 Stability poor
28 3/32"-diam. holes; | method of small-
drilled hole area, stream intro-

5 0.193 8q in.; | duction altered

- - holes drilled | to eliminate

. :y4 parallel to fuel-flow

b - airstream sensitivity.

- - Possible low-
pressure-drop
characteristics
anticipated

AS Same as AO Flat-plate inlet; Less severe 24.4 6.5 10 Stability zood at

methods of low fuel flows,
airstreaa very sensitive to
000\ 9 1/4"-d1an. breakup were fuel flow
O O O] holes; inlet used in order
ooo area, 0.442 to improve
8q in. statility
A6 Same as AO Flat-plate slotted Same as for AS 32.2 7.7 10 Stability good at
inlet + hizh fuel flows,
= 1/8" sensitive to fuel
flow
S~
e—r0y
S Errerrecd 3 1/4"-wide slots;
inlet area, 0.85 sq
in.
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TABLE I. - Concluded.

SUMMARY OF DATA FOR INDIVIDUAL COMBUSTOR 2~INCH ELEMENTS WITH PROPANE FUEL

Model Deacription and Inlet description Purpose of Blowout #inimum Fuel flow Ccemments on
sketch of modification severity | blowout at minimum combustor
configuration factor, pressure, blowout, 2lement

«10% in. Hz abs 1b/hr operation

[} Same as AO Flat-plate inlet Same as for AS 32.2 3.0 10 Stability good 2t
low fuel flows,
extremely sensttive

v to fuel flow
| Inlet area, 0.45
8q 1in.
A8 Same as AD Swirl-type inlet, Swirling 19.8 8.7 10 Stability fair at
eight blades at method of air- low fuel flows,
457 angle stream mixing fairly sensitlve
investigated; to fuel flow
D the direction
< imparted to the
A"F air swirl 1s
cpposite to the
Inlet area, 0.45 direction of
Bq in. fuel swirl
A9 Same as AO Swirl-type inlet Same as A8, €0.0 €.1 20 Stability goed at
Same as A8 inlet except the high fuel flows,
direction of nut too sensitive
> fuel swirl is to fuel flows
the same as
> that of the air
Al0 Same as AO Truncated-cone Single afir- 21.0 8.5 20 Stability poor,
inlet stream spproach decreases as fuel
used to improve flos increases
stabllity
1.5
}.15-
‘ Inlet area, 0.442
8q 1in.
All Same as RO Truncated-cone Slizht 17.0 10.3 10 Stabllity poor
inlet modification
of Al0
1{! l]s/s"
' Inlet area, 0.307
8q in.

Al2 Same as RO Nozzle inlet Same as Al0 33.5 7.5 10 Stabllity fair at
low fuel flow,
fairly sensitive
to fuel flow

1. }.B?"
Inlet area, 0.594
8q in.

A13 Same as _AQ Orifice inlet Same as Al0 66.2 6.5 15.5 Stability good,
mildly sensitive
to fuel flow over
range tested

! =
Inlet area, O.786
8q 1in.

Alse Same as AO Orifice inlets Effect of See f1g. 9

to ———— I.D. varied from inner diameter

Al7 1/2" to on an opera-

17 g0 tion studied
4’ to determine
let area optimum size
varied from

0.196 to

1.228 8q 1in.

FTD =W
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TABLE II. - SUMMARY OF DATA FOR INDIVIDUAL

COMBUSTOR ELEMENT SIZE STUDY

Model |Element |Orifice|Blowout |Minimum Fuel

size diam- |severity|blowout flow at

eter |factor, |pressure, {minimum

size, x10° |in. Hg abs|blowout,
in. 1b/hr
Bl 1.5 5/8 16.6 12.9 5.0
B2 3/4 21.2 11.4 6.5
B3 7/8 47.8 7.6 10.0
C1L 1.75 3/4 37.3 8.6 6.0
c2 7/8 42.8 8.1 5.0
c3 1 51.9 7.3 6.0
DL | 2.5 1% 40.0 8.3 10.0
D2 13 | 39.1 8.4 10.0
D3 12 | sz.0 5.8 13.0
EL | 3.0 J% 65.4 6.6 10.0
E2 1%_ 74.2 6.2 10.0
E3 J.;Z. 67.4 6.5 15.0

13
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TABLE III. - ARRAY MODELS AND ELEMFNT DESCRIPTION

Model |Element| Number Inlet
number| size, of
in. elements
la 3 7 l—%— -in.-diam. orifice
1b 3 7 l%-in.- diam. orifice
2a 2 15 |3/4-in.-diam. arifice
2b 2 15 l-in.-diam. orifice
2c 2 15 Swirlers same as on
model AS

TR e

W

)
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Figure 3. - Combustor element installation showing location of temperature and pressure
measuring instruments in instrumentation planes.
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Total
temperature,

Filgure 1l. - Typical temperature distribution 10]2; inches downstream of single

swirl-can cambustor (Al7). Cambustor-inlet pressure » 10.3 inches of mercury
absolute; inlet temperature, 90° F; velocity, 110 feet per second; fuel
flow, 10.7 pounds per hour.
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‘ 1 | I i I I
Model Average Inlet total
— temperature, pressure,
in. Hg abs
— O la 1483 14.0
(] 1b 1328 14.0
O 2a 1422 14. 7
— A 2b 1536 20.0
[N 2c 1537 14. 7
h
X 1800
K

1600l //A\>é‘<2 \\

1400 D,

WA
|/

Root Tip

1000 1 l

6 7 8 9 10 1n
Radius, in.

Temperature, Op

Ty

Figure 14. - Comparison of cambustor-outlet temperature profiles.
Inlet temperature, 350° F; reference velocity, 75 feet per
second.
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Total-pressure loss, AP/P;, percent

3 : 13 T v '
Mode r/k_— Model Total
— pressure,
in. Hg abs —
_— 1
2 s = O { la (15-in.-diam. 10.0 —
" o orifice) 14.0
-0
0; 1b (1f-in. -diam. 10.0 ]
A orifice) 14.0
1
o]
3 .
Model 2 l l l
& Model Total = —4
/ pressure,
/ : % in. Hg abs
2 }— > . A ]
//Oﬁ"' o | o 10.0
e 8l 2a (5/4-tn. -azen. {199
_ O o O orifice) 20.0 —
yd ;’ A} 2b (1-in.-diam. 14.0
1 v orifice) 20.0 __
DY 2¢ (swirling 14.7
q plate) {20.0
9]
1.4 1.8 2.2 2.6 3.
Total-temperature ratio
Figure 15. - Total-pressure loss for models 1 and 2. Inlet air

temperature, 350° F; reference velocity, 75 feet per second.
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